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Abstract Epidemiological research suggests that different
indicators of socioeconomic status (SES) such as income and
education may have independent and/or interactive effects
on health outcomes. In this study, we examined both simple
and more complex associations (i.e., interactions) between
different indicators of SES and ambulatory blood pressure
(ABP) during daily life. Our sample consisted of 94 married
couples who completed a one-day ABP protocol. Both
income and education were independently related to systolic
blood pressure and only income was significantly related to
diastolic blood pressure. There were also statistical interactions such that individuals with high levels of both income
and education evidenced the lowest ABP. Gender moderated
these findings. Three-way interactions revealed that, in
general, women appear to benefit from either indicator of
SES, whereas men appear to benefit more from income. The
findings are consistent with epidemiological research and
suggest one important physiological mechanism by which
income and education may have independent and interactive
effects on health.
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Introduction
Despite the well-established, robust relationship between
socioeconomic status (SES) and health, a clear understanding of the factors that contribute to and/or mitigate
this relationship remains elusive (Matthews & Gallo,
2011), and identifying these factors continues to be a top
public health priority (Department of Health and Human
Services, 2010). Recent reviews and contributions to the
SES-health literature suggest that this lack of clarity may,
in part, be due to the fact that researchers often use SES
indicators (e.g., income, education, occupation) interchangeably despite the fact that relationships between these
indicators and health appear to differ in meaningful ways
(Braveman et al., 2005). For example, there is evidence
that SES indicators may be differentially related to the
onset and progression of disease states (Herd et al., 2007)
as well as show different patterns of associations with
health risk (e.g., linear vs. nonlinear; Matthews & Gallo,
2011). Indicators of SES are also often only modestly
correlated with one another (Geyer et al., 2006). Hence,
though education and income are both indicators of SES,
they are not identical constructs and each may have independent associations with health outcomes.
Besides their modest correlation, there is good conceptual reason to distinguish between indicators. For example,
education appears to be a better index of psychosocial
resources such as the ability to manage social systems (e.g.,
navigate the healthcare system), effectively regulate health
behaviors, accrue social support, and develop a sense of
personal control or agency (Matthews et al., 1989; Ross &
Wu, 1995; Winkelby et al., 1992); whereas income is a
more direct index of material resources. Hence, in as much
as these indicators of SES index unique underlying risks
for health, they are also likely to interact in their impact on
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health as both psychological and material resources can
significantly affect death and disease through independent
but interrelated processes (Adler et al., 1999; Johnston
et al., 2009). Consistent with this reasoning, epidemiological research has found that the positive relationship
between income and health can vary substantially by level
of education (Schnittker, 2004). Specifically, those with
more education have better health at all levels of income,
and fewer income-based disparities exist among the well
educated as compared to the less well educated.
Gender may also affect the relationship between social
status and health outcomes. For example, social status is an
index of one’s standing in the social hierarchy and men and
women appear to differ in their sensitivity to hierarchy
formation and maintenance (Newton, 2009). Though gender is often treated as a control variable, some previous
research has found gender differences in the relationship
between SES and psychosocial and behavioral factors
thought to contribute to SES-health disparities (Anderson
& Armstead, 1995). Further, these interactions sometimes
vary depending on which SES indicator is being assessed
(e.g., education or income) (Marmot et al., 1997). For
example, education may be a better predictor of SES disparities in self-reported health and psychosocial variables
than is occupation for women, but not for men (Marmot
et al., 1997). Another study of Swedish employees found
that education and occupational rank predicted mortality
for women and men, but income predicted mortality only
for men (Torssander & Erikson, 2009), suggesting that
personal income may protect men’s health to a greater
extent than women’s. Additionally, Davey Smith et al.
(1998) found that status-related health disparities (e.g.,
mortality) among working men were more closely associated with social class than education, suggesting that
education may have a less direct effect on men’s health
than do material resources.
In the current study, we examined the relationship
between income, education, and risk for cardiovascular
disease, as indexed by ambulatory blood pressure (ABP) in
daily life. An examination of links between SES and ABP
is important because it could provide evidence for a biological mechanism linking SES to epidemiological health
outcomes as ABP is a strong predictor of future cardiovascular risk (Conen & Bamberg, 2008; Pickering et al.,
2006; Verdecchia, 2000; Zanstra & Johnston, 2011).
Additionally, it has been proposed that the experience of
low social status elicits sustained activation of stress-related autonomic responses, which promote atherogenesis
(Steptoe et al., 2002). Monitoring individuals during daily
experience is consistent with this conceptualization in that
it allows for a comparison of overall blood pressure load as
a result of the challenges encountered during daily life, as
opposed to simply comparing one-time resting physiology
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or reactivity. Further, prior studies examining the relationship between SES and tonic blood pressure (BP) or
one-time blood pressure reactivity have found an inverse
relationship between SES and BP (see Starr & Deary, 2011
for a longitudinal analysis); however, this relationship is
often moderated by intra- and inter-individual factors, such
as hostility (Hawkley et al., 2011) or pessimism (Grewen
et al., 2000), thought to increase day to day experiences of
stress and contribute to disease.
Importantly, no studies to our knowledge have examined
the associations among education and income and ABP or
the extent to which gender may moderate these relationships. Instead, SES has typically been operationalized only
as occupational prestige when examining ABP (e.g., Gallo
et al., 2004; Steptoe et al., 2002), though there is evidence
that other indicators of social status are also related to ABP
(Landsbergis et al., 2003; McGrath et al., 2006). Based on
prior epidemiological research, we expected that income
and education would independently predict ABP, and that
these indicators may also interact, such that high levels of
one may protect against moderate or low levels of the other.
Finally, we examined, in a preliminary fashion, whether
income and education were differentially related to ABP in
men and women, as prior work suggests that income may be
a better predictor of men’s health outcomes.

Methods
Participants
Participants were 94 healthy couples recruited from the
community through newspaper ads and notices posted on
campus. Participants were paid $75 (or awarded 2 credit
hours in the participant pool for students) for their time.
Because physiological measurements were taken, we
excluded individuals who had medical conditions with a
cardiovascular component (e.g., hypertension, diabetes),
those who were taking cardiovascular prescription medications, and those with a diagnosed psychological condition
for which they were being medically treated. Couples who
had children currently living in the home were also excluded as part of the larger project (Bowen et al., 2012). Participants were all employed at least part-time, legally
married and living together and ranged in age from 18 to
63 years with a mean age of 29.5. Most were White (83 %),
college educated (62.4 %), attended church at least monthly
or more (51 %) and had an annual household income over
$40,000 per year (66 %). Average Body Mass Index for our
sample was 25.61 kg/m2 (SD = 5.13), with an average
ambulatory systolic blood pressure (SBP) of 131.58 mm
HG (SD = 18.75) and an average ambulatory diastolic
blood pressure (DBP) of 77.91 mm HG (SD = 12.89).
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Procedures
As part of the larger study protocol examining romantic
couples and ABP, participants completed a one day ABP
assessment, typically from 8 a.m. to 10 p.m. (M = 14.01 h,
SD = 0.97) which included working hours and an evening
at home with the spouse on the same day. A trained research
assistant obtained consent from each participant, which
included information on the nature of the study, potential
risks, potential benefits, compensation and confidentiality.
All participants were also reminded before starting the
procedures that they would be free to withdraw at any time
without penalty. Height and weight were assessed using a
Health-o-Meter scale and participants were instructed to sit
quietly while three baseline blood pressure readings were
obtained, each taken one minute apart.
After filling out a demographic questionnaire, participants were fitted with the ambulatory blood pressure
monitor by a trained research assistant and given detailed
instructions on how to use it, including how to remove it at
the end of the day. They were also given a palm pilot to
record diary entries on basic control variables (e.g., posture) following each blood pressure reading and detailed
instructions on how to use it. Participants were instructed to
initiate a palm pilot ambulatory diary reading (ADR, see
below) within 5 min of each cuff inflation and ambulatory
readings were dropped from statistical analyses if participants failed to comply with this 5 min timeline. The
average participant had fewer than one reading dropped
from analysis due to noncompliance (M = .78, with a
range from 0 to 7). Monitors were set to randomly obtain
readings every 30 min from time of fitting until bedtime
(approximately 10:00 p.m.). This random sampling procedure prevented participants from anticipating a reading
and hence altering their activities. One reading was
obtained before the participants left the lab to insure that
the monitors were working properly and that participants
understood how to use the palm pilots and how to correctly
fill out the ADR. An appointment to return the equipment
and to receive compensation the following day was set and
participants were debriefed at the return appointment.
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Table 1 Response frequencies for income and education by gender
Males

Females

Frequency Percent Frequency Percent
Annual household income
$3,000–$3,999

1

1.08

1

1.09

$7,000–$9,999

2

2.15

1

1.09

$10,000–$14,999

2

2.15

4

4.35

$15,000–$19,999

4

4.30

2

2.17

$20,000–$29,999

14

15.05

12

13.04

$30,000–$39,999

9

9.68

12

13.04

$40,000 or more

61

65.59

60

65.22

Education completed
Partial high school

1

1.06

Completed high school
Partial college

0
2
39

0
2.13
41.49

1
27

1.06
28.72

Completed college

24

25.53

30

31.91

Partial graduate/
professional school

10

10.64

18

19.15

Completed graduate/
professional school

19

20.21

17

18.09

Three individuals were missing income data

Income and education were not highly correlated in the
current sample, r (185) = .30, p [ .05.
Ambulatory blood pressure
The Oscar 2 (Suntech Medical Instruments, Raleigh, NC) was
used to estimate ambulatory SBP and ambulatory diastolic
blood pressure (DBP). The Oscar was developed to meet the
reliability and validity standards of the British Hypertension
Society Protocol (Goodwin et al., 2007). The cuff was worn
under the participants’ clothing, and only a small control box
(approximately 5.0 9 3.5 9 1.5 inches) attached to the participant’s belt was partially exposed. Outliers associated with
artifactual readings were identified using the criteria by Marler
et al. (1988). These included: (a) SBP \ 70 mmHg or
[250 mmHg, (b) DBP \ 45 mmHg or [ 150 mmHg, and
(c) SBP/DBP \ [1.065 + (.00125 9 DBP)] or[3.0.
Control variables

Measures
Income and education
Subjects were asked to report their annual household
income and the number of years of education they had
completed (see Table 1). As evident in Table 1, our measure of income significantly truncated the upper end of the
range for this variable. Three participants did not report
income and were thus deleted from relevant analyses.

Participants were given a portable palm pilot device and
instructed to complete a series of programmed questions
following each ambulatory cardiovascular assessment.
These programmed questions were designed to be easy to
complete (about 2–3 min) in order to maximize cooperation and contained information on basic variables that
might influence ABP (Kamarck et al., 1998). These
included posture (lying down, sitting, standing), activity
level (1 = no activity, 4 = strenuous activity), location
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(work, home, other), talking (no, yes), temperature (too
cold, comfortable, too hot), prior exercise (no, yes), and
prior consumption of nicotine, caffeine, alcohol or a meal
(no, yes). Though we did not exclude participants who used
tobacco products, 94 % of our sample were nonusers.
Consistent with prior research, preliminary analyses
revealed that age, gender, body mass, posture, temperature,
activity level, prior alcohol, and prior exercise were independent predictors of higher ambulatory SBP (p’s \ .05).
In addition, age, gender, body mass, posture, activity level,
and a prior meal independently predicted ambulatory DBP
(p’s \ .05). Nicotine consumption was not significantly
related to either SBP or DBP (p’s [ .05). Consistent with
prior work, these factors along with time (i.e., first reading,
second reading) were thus statistically controlled in all
analyses involving ABP (Kamarck et al., 1998).
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Table 2 Results of stepped examination of income, education and
gender on ABP
Model and predictors

Dependent variables
SBP

DBP

Model 1
Income

-1.6***

-0.6**

Education

-1.2**

-0.2 (ns)

Income

-1.4***

-0.5*

Education

-1.2***

-0.2 (ns)

0.5*

0.4**

Model 2

Income 9 education
Model 3
Income

-1.8***

-0.6**

Gender

-9.8***

-1.7***

Income 9 gender

1.7**

0.6 (ns)

Model 4

Analyses
We utilized Proc Mixed (SAS Institute) in order to examine
ABP during daily life, which allows one to more accurately
model the covariance structure for repeated measures factors. This method also allowed us to account for statistical
non-independence in our sample of married couples. In the
present study, we modeled the covariance structure for the
two repeated measures factors of dyad (i.e., husband, wife)
and measurement occasion (i.e., reading number) using the
direct (Kronecker) product. This was modeled using the
‘‘type = un@ar(1)’’ option which is a within-subjects
covariance profile containing the product of the two separate covariance matrices (Galecki, 1994). As recommended
by Campbell and Kashy (2002), we used the Satterthwaite
approximation to determine the appropriate degrees of
freedom. All analyses were performed using continuous
scores for predictors (income, education). We dichotomize
education in follow up analyses simply as a method to
depict our pattern of findings, as suggested by Aiken and
West (1991).

Results
In our main analyses, we first entered both income and
education together into the model (Model 1; Table 2). We
found that both income and education were significantly
and independently associated with lower SBP. Income was
also associated with lower DBP; however, education was
not. These results are consistent with prior work in that
they suggest that education and income are not redundant
constructs (Braveman et al., 2005).
We next examined if income and education interacted to
predict ABP (Model 2, Table 2). The statistical interaction
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Education
Gender
Education 9 gender

-1.5***

-0.4 (ns)

-10.2***

-2.0***

-0.2 (ns)

-0.9*

Income

-1.9***

-0.8**

Education

-0.9**

-0.1 (ns)

-10.1***

-2.0***

Model 5

Gender
Income 9 education

0.0 (ns)

0.2 (ns)

Gender 9 income

2.2**

0.9 (ns)

Gender 9 education
3-way (Inc 9 Edu 9 Gen)

-0.8 (ns)
1.0*

-1.0*
0.8**

Values shown are unstandardized parameter estimates. All models
also included standard control variables (e.g., BMI) as noted in the
Methods section
ns nonsignificant
* p B .05, ** p B .01, *** p B .001

between income and education was significant for both
SBP (see Fig. 1, Panel A and B, respectively). We
dichotomized education in order to examine the simple
effects of income in this interaction; greater income was
significantly associated with lower blood pressure (i.e.,
health protective) for those who reported completing partial college or less (b = -2.6 and b = -1.3 respectively
for SBP and DBP, both p \ .001), but not for those with
higher education (p [ .1 and p [ .9. respectively).
We also examined if gender moderated links between
these indicators of SES and ABP (Models 3 and 4,
Table 2). The negative association between income and
SBP was significantly moderated by gender (Fig. 2, Panel
A) such that the slope of the inverse relationship was
steeper for men than for women (b = -2.7, p \ .001 and
b = -.97, p \ .05, respectively). The negative association
between education and DBP was also moderated by gender
(Fig. 2, Panel B), such that the slope of the inverse
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A Ambulatory SBP

SBP
(mm Hg)

SBP
(mm Hg)

A Ambulatory SBP

B Ambulatory DBP

Fig. 1 Education and income interact to predict ABP. Higher levels
of education are more protective for individuals with lower incomes.
Similarly, higher levels of income are more protective for individuals
with less education

DBP
(mm Hg)

DBP
(mm Hg)

B Ambulatory DBP

Fig. 2 Gender moderates the main effects of income with SBP and
education with DBP such that income and SBP are more closely
associated for men and education is negatively associated with DBP
for women but not men

Discussion
In studies of health disparities, indicators of SES (e.g.,
income, education, occupation) are often used interchangeably or combined to form a single factor. However,
evidence suggests that these indicators may be differentially and independently associated with health (Elo &
Preston, 1996; Herd et al., 2007; Sorlie et al., 1995). The

B Women

SBP
(mm Hg)

relationship was only significant for women (b = -.76, p \ .05
and b = .03, p [ .90 for women and men respectively).
Lastly, gender also moderated the interaction between
education and income, resulting in three-way interactions
(gender 9 education 9 income) for both SBP and DBP
(Model 5, Table 2). We then tested the education 9 income
interactions for men and women separately and found that
the interaction was associated with lower SBP and DBP in
women (b = .54, p \ .05 and b = .56, p \ .01 respectively), such that education appears to have a greater effect
at low income than high income (see Figs. 3, Panel B, 4,
Panel B, respectively). Neither simple two-way interaction
was significant for men (both p [ .30).

SBP
(mm Hg)

A Men

Fig. 3 Gender moderates the interaction between income and
education on SBP
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DBP
(mm Hg)

A Men

DBP
(mm Hg)

B Women

Fig. 4 Gender moderates the interaction between income and
education on DBP

current study provides support for the hypothesis that SES
indicators are not interchangeable in terms of health risk, as
education and income had independent associations with
ABP. Importantly, these links were moderated by gender.
Only men’s SBP was significantly associated with income
and only women’s DBP was significantly associated with
education. These findings are consistent with some past work
suggesting that income may protect men’s health to a greater
degree than women’s health (Torssander & Erikson, 2009).
Our results are also consistent with large-scale epidemiological research showing that SES indicators may interact to
protect health (Schnittker, 2004). Our work extends this literature specifically to cardiovascular disease using an objective measurement of risk (ABP) in well-controlled analyses,
suggesting one physiological mechanism linking income and
education both jointly and independently to health.
Specifically, we find that higher levels of education are
associated with lower levels of blood pressure in daily life
otherwise found at lower levels of income, and that higher
levels of income are associated with lower levels of blood
pressure at lower levels of education. If supported by
additional research, these results suggest the possibility that
increasing education in low income populations may help
to reduce the increased risk of cardiovascular disease
associated with low income. However, no such causal
conclusions can be drawn from the current study.
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Gender also moderated the interaction between education and income on health. These three-way interactions
revealed that lower blood pressure in women was associated
with both indicators of SES, and that higher education was
associated with lower blood pressure within lower income
women. However, lower blood pressure in men was mainly
attributable to increased income rather than an interaction
between these two indicators of SES, and education was not
associated with lower blood pressure within lower income
men (Fig. 4, Panel A). This finding is consistent with prior
larger-scale work on SES indicators and health (Davey
Smith et al., 1998). In short, there is little evidence that
education is independently associated with lower ABP for
men over and above the inverse association between ABP
and income. However, both education and income are
independently and inversely associated with ABP in
women, and education may offset the risk for high blood
pressure associated with low income.
Hence, men’s cardiovascular risk appears to be more
closely related to income and women’s to education, though
income still confers independent risk for women. These
gender differences may suggest that SES indicators differentially influence overall social status and/or perceived status for women and men, as perceived social status can
influence health above and beyond material resources
(Adler, 2009; Adler et al., 1994). Alternatively, education
may be more closely associated with freely conferred social
status (i.e., prestige) (Henrich & Gil-White, 2001) in women
but not men (e.g., men may be more likely to confer status
based on earnings). Such conferred status may affect health
by reducing dominant strivings for status and effortful
attempts to influence or control others, a status attainment
strategy which has been associated with greater cardiovascular reactivity (Smith & Brown, 1991; Smith et al., 1996,
2012). Additionally, these gender differences may indicate
that resources related to coping (i.e., education) most
effectively buffer stress for women, whereas financial
resources (i.e., income) most effectively buffer stress for
men. Lastly, perhaps education is more protective for women
because it is most closely related to social integration and
support (Umberson & Montez, 2010), as there is evidence
that affiliative concerns such as social connection may be
more closely related to women’s health than to men’s health
(Kiecolt-Glaser & Newton, 2001; Smith et al., 1998, 2011).
Clearly, there could be many different interpretations of our
findings, and the psychobiological processes underlying this
gender difference warrant further research.

Limitations and conclusions
The current findings may not generalize beyond the largely
Caucasian and middle and upper-middle-class population
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studied here, and there is reason to believe that findings
may differ by ethnicity (Steffen, 2006). These results may
also not generalize to younger adult or adolescent populations or to unmarried or divorced men and women.
Additionally, the measure of income was significantly
truncated. However, this restriction of range is most likely
to weaken our ability to find the differences reported here
(not artificially inflate them). Additionally, although this
sample does not allow us to generalize our findings to those
lower in the SES spectrum, there is significant data to
suggest a monotonous, linear link between SES and health
(Adler et al., 1994). Lastly, the current study was a crosssectional design, and therefore no causal conclusions can
be drawn. Though other third variables may account for
these relationships, it seems unlikely that higher ABP that
is not confounded with the diagnosis of a chronic disease
would lead to lower income or education.
These limitations notwithstanding, income and education were independently and interactively associated with
ABP, and these associations varied by gender. ABP is a
strong predictor of future cardiovascular risk (Conen &
Bamberg, 2008; Pickering et al., 2006; Verdecchia, 2000),
and these results extend prior work on disease states to
physiological disease processes. Further, linking SES to
ABP in daily life is consistent with theory and suggestions
that differences in everyday interactions may account for a
significant portion of the graded relationship between status and health (Adler, 2009; Kamarck et al., 2012; Smith
et al., 2012). These results support prior research that SES
indicators are not interchangeable, may interact, and may
be differentially important for men and women. Further
examination of separate and interactive effects of SES
indicators may help clarify the effects of various aspects of
social status on disease processes and health, and, over
time, may suggest policy implications in the effort to
ameliorate SES-related health disparities.
Acknowledgments This research was supported by NIH Grant #
R01 HL68862 from the National Heart, Lung, and Blood Institute,
awarded to Bert N. Uchino.

References
Adler, N. E. (2009). Health disparities through a psychological lens.
American Psychologist, 64, 663–673.
Adler, N. E., Chesney, M. A., Cohen, S., Folkman, S., Boyce, T.,
Kahn, R. L., et al. (1994). Socioeconomic status and health: The
challenge of the gradient. American Psychologist, 49, 15–24.
Adler, N. E., & Ostrove, J. M. (1999). Socioeconomic status and
health: What we know and what we don’t. Annals of the New
York Academy of Sciences, 896(1), 3–15.
Aiken, L. S., & West, S. G. (1991). Multiple regression: Testing and
interpreting interactions. Sage Publications, Inc.
Anderson, N. B., & Armstead, C. A. (1995). Toward understanding
the association of socioeconomic status and health: A new

15
challenge for the biopsychosocial approach. Psychosomatic
Medicine, 57, 213–225.
Bowen, K. S., Birmingham, W., Uchino, B. N., Carlisle, M., Smith, T.
W., & Light, K. C. (2012). Specific dimensions of perceived
support and ambulatory blood pressure: Which support functions
appear most beneficial and for whom? International Journal of
Psychophysiology. doi:10.1016/j.ijpsycho.2012.03.004.
Braveman, P. A., Cubbin, C., Egerter, S., Chideya, S., Marchi, K. S.,
Metzler, M., et al. (2005). Socioeconomic status in health
research: One size does not fit all. JAMA Journal of the
American Medical Association, 294, 2879–2888.
Campbell, L., & Kashy, D. A. (2002). Estimating actor, partner, and
interaction effects for dyadic data using PROC MIXED and
HLM: A user-friendly guide. Personal Relationships, 9, 327–342.
Conen, D., & Bamberg, F. (2008). Noninvasive 24-h ambulatory
blood pressure and cardiovascular disease: A systematic review
and meta-analysis. Journal of Hypertension, 26, 1290–1299.
Davey Smith, G., Hart, C., Hole, D., MacKinnon, P., Gillis, C., Watt,
G., et al. (1998). Education and occupational social class: Which
is the more important indicator of mortality risk? Journal of
Epidemiology and Community Health, 52, 153–160.
Elo, I. T., & Preston, S. H. (1996). Educational differentials in
mortality: United States, 1979–1985. Social Science and Medicine, 42, 47–57.
Galecki, A. T. (1994). General class of covariance structures for two
or more repeated factors in longitudinal data analysis. Communications in Statistics Theory and Methods, 23, 3105–3119.
Gallo, L. C., Bogart, L. M., Vranceanu, A. M., & Walt, L. C. (2004).
Job characteristics, occupational status, and ambulatory cardiovascular activity in women. Annals of Behavioral Medicine,
28(1), 62–73.
Geyer, S., Hemstrom, N., Peter, R., & Vagero, D. (2006). Education,
income, and occupational class cannot be used interchangeably
in social epidemiology. Empirical evidence against a common
practice. Journal of Epidemiology and Community Health, 60,
804–810.
Goodwin, J., Bilous, M., Winship, S., Finn, P., & Jones, S. C. (2007).
Validation of the Oscar 2 oscillometric 24-h ambulatory blood
pressure monitor according to the British Hypertension Society
protocol. Blood Pressure Monitoring, 12, 113–117.
Grewen, K., Girdler, S. S., West, S. G., Bragdon, E., Costello, N., &
Light, K. C. (2000). Stable pessimistic attributions interact with
socioeconomic status to influence blood pressure and vulnerability to hypertension. Journal of Women’s Health & GenderBased Medicine, 9, 905–915.
Hawkley, L., Lavelle, L. A., Berntson, G. G., & Cacioppo, J. T.
(2011). Mediators of the relationship between socioeconomic
status and allostatic load in the Chicago Health, Aging, and
Social Relationships Study (CHASRS). Psychophysiology, 48,
1134–1145.
Henrich, J., & Gil-White, F. J. (2001). The evolution of prestige:
Freely conferred deference as a mechanism for enhancing the
benefits of cultural transmission. Evolution and Human Behavior, 22, 165–196.
Herd, P., Goesling, B., & House, J. S. (2007). Socioeconomic position
and health: The differential effects of education versus income
on the onset versus progression of health problems. Journal of
Health and Social Behavior, 48, 223–238.
Johnston, D. W., Propper, C., & Shields, M. A. (2009). Comparing
subjective and objective measures of health: Evidence from
hypertension for the income/health gradient. Journal of Health
Economics, 28, 540–552.
Kamarck, T. W., Shiffman, S. M., Smithline, L., Goodie, J. L.,
Thompson, H. S., Ituarte, P. H. G., et al. (1998). The diary of
ambulatory behavioral states: A new approach to the assessment
of psychosocial influences on ambulatory cardiovascular activity.

123

16
In D. S. Krantz & A. S. Baum (Eds.), Technology and methods in
behavioral medicine. (pp. 163–193). Mahwah, NJ: Lawrence
Erlbaum Associates Publishers.
Kamarck, T. W., Shiffman, S., Sutton-Tyrrell, K., Muldoon, M. F., &
Tepper, P. (2012). Daily psychological demands are associated
with 6-year progression of carotid artery atherosclerosis: The
Pittsburgh healthy heart project. Psychosomatic Medicine, 74,
432–439.
Kiecolt-Glaser, J. K., & Newton, T. L. (2001). Marriage and health:
His and hers. Psychological Bulletin, 127, 472–503.
Landsbergis, P. A., Schnall, P. L., Pickering, T. G., Warren, K., &
Schwartz, J. E. (2003). Lower socioeconomic status among men
in relation to the association between job strain and blood
pressure. Scandinavian Journal of Work, Environment & Health,
29, 206–215.
Marler, M. R., Jacob, R. G., Lehoczky, J. P., & Shapiro, A. P. (1988).
The statistical analysis of treatment effects in 24-hour ambulatory
blood pressure recordings. Statistics in Medicine, 7, 697–716.
Marmot, M. G., Ryff, C. D., Bumpass, L. L., Shipley, M., & Marks,
N. (1997). Social inequalities in health: Next questions and
converging evidence. Social Science and Medicine, 44, 901–910.
Matthews, K., & Gallo, L. C. (2011). Psychological perspectives on
pathways linking socioeconomic status and physical health.
Annual Review of Psychology, 62, 501–530.
Matthews, K. A., Kelsey, S. F., Meilahn, E. N., Muller, L. H., &
Wing, R. R. (1989). Educational attainment and behavioral and
biologic risk factors for coronary heart disease in middle-aged
women. American Journal of Epidemiology, 129, 1132–1144.
McGrath, J. J., Matthews, K. A., & Brady, S. S. (2006). Individual
versus neighborhood socioeconomic status and race as predictors
of adolescent ambulatory blood pressure and heart rate. Social
Science and Medicine, 63, 1442–1453.
Newton, T. L. (2009). Cardiovascular functioning, personality, and
the social world: The domain of hierarchical power. Neuroscience and Biobehavioral Reviews, 33, 145–159.
Pickering, T. G., Shimbo, D., & Haas, D. (2006). Ambulatory blood
pressure monitoring. New England Journal of Medicine, 354,
2368–2374.
Ross, C. E., & Wu, C. (1995). The links between education and
health. American Sociological Review, 60, 719–745.
Schnittker, J. (2004). Education and the changing shape of the income
gradient in health. Journal of Health and Social Behavior, 45,
286–305.
Services USDoHaH (2010). Healthy people 2010. In: Services
USDoHaH (ed).
Smith, T. W., & Brown, P. W. (1991). Cynical hostility, attempts to
exert control, and cardiovascular reactivity in married couples.
Journal of Behavioral Medicine, 14, 581–592.

123

J Behav Med (2015) 38:9–16
Smith, T. W., Cundiff, J. M., & Uchino, B. N. (2012). Interpersonal
motives and cardiovascular response: Mechanisms linking dominance and social status with cardiovascular disease. In R. A. Wright
& G. H. E. Gendolla (Eds.), How motivation affects cardiovascular
response: Mechanisms and applications (pp. 287–305). Washington, DC: American Psychological Association.
Smith, T. W., Gallo, L. C., Goble, L., Ngu, L. Q., & Stark, K. A.
(1998). Agency, communion, and cardiovascular reactivity
during marital interaction. Health Psychology, 17, 537–545.
Smith, T. W., Limon, J. P., Gallo, L. C., & Ngu, L. Q. (1996).
Interpersonal control and cardiovascular reactivity: Goals,
behavioral expression, and the moderating effects of sex.
Journal of Personality and Social Psychology, 70, 1012–1024.
Smith, T. W., Uchino, B. N., Florsheim, P., Berg, C. A., Butner, J.,
Hawkins, M., et al. (2011). Affiliation and control during marital
disagreement, history of divorce, and asymptomatic coronary
artery calcification in older couples. Psychosomatic Medicine,
73, 350–357.
Sorlie, P. D., Backlund, E., & Keller, J. B. (1995). US mortality by
economic, demographic, and social characteristics: The National
Longitudinal Mortality study. American Journal of Public Health,
85, 949–956.
Starr, J. M., & Deary, I. J. (2011). Blood pressure, socioeconomic
status and health in the Lothian 1921 birth cohort: A longitudinal
study. Public Health, 125, 196–200. doi:10.1016/j.puhe.2010.11.
017
Steffen, P. R. (2006). The cultural gradient: Culture moderates the
relationship between socioeconomic status (SES) and ambulatory
blood pressure. Journal of Behavioral Medicine, 29, 501–510.
Steptoe, A., Fedlman, P. J., Kunz, S., Owen, N., Willemsen, G., &
Marmot, M. (2002). Stress responsivity and socioeconomic
status: A mechanism for increased cardiovascular disease risk?
Eurpoean Heart Journal, 23, 1757–1763.
Torssander, J., & Erikson, R. (2009). Stratification and mortality: A
comparison of education, class, status, and income. European
Sociological Review, 26, 465–474.
Umberson, D., & Montez, J. K. (2010). Social relationships and
health: A flashpoint for health policy. Journal of Health and
Social Behavior, 51, S54–S66.
Verdecchia, P. (2000). Prognostic value of ambulatory blood
pressure. Hypertension, 35, 844–851.
Winkelby, M. A., Jatulis, D. E., Frank, E., & Fortmann, S. P. (1992).
Socioeconomic status and health: How education, income and
occupation contribute to risk factors for cardiovascular disease.
American Journal of Public Health, 82, 816–820.
Zanstra, Y. J., & Johnston, D. W. (2011). Cardiovascular reactivity in
real life settings: Measurement, mechanisms and meaning.
Biological Psychology, 86, 98–105.

